To determine the efficacy of computed tomography (CT) attenuation of cystic lesions measured on an image browsing system to distinguish abscess from hematoma in women with acute abdomen. The medical records of female patients of reproductive age with acute abdomen who were treated over a 7-year period in a single center and who had undergone laparotomy or laparoscopic surgery and preoperative pelvic CT scanning were retrospectively analyzed to identify those with hematoma or abscess cyst formation. Nineteen patients with tubo-ovarian abscess (abscess group) and six patients with hematoma (hematoma group) formation in the pelvis were included in the analysis. The preoperative CT images of the tubo-ovarian cyst were retrospectively investigated on the basis of cyst attenuation. CT attenuation of the cyst measured by both two gynecologists could be used to clearly distinguish inflammatory disease with abscess formation from bleeding disease with hematoma. CT attenuation on a picture archiving and communication system can distinguish hematoma from abscess in women with acute abdomen. This may significantly contribute to making differential diagnosis without interpretation by a medical radiologist.
INTRODUCTION
Diagnosis of acute abdomen in women of reproductive age can be challenging because many symptoms and signs are insensitive and nonspecific. The most common urgent causes of acute lower abdominal pain in these women are pelvic inflammatory disease, ovarian torsion, ruptured ovarian cyst, and appendicitis. 1, 2) Among these clinical entities that lead to acute abdomen, it is sometimes difficult to distinguish pelvic inflammatory diseases with tubo-ovarian abscess from hematoma that develops as a result of unexpected bleeding caused by lesions such as hemorrhagic corpus luteum cysts. This is because in most of these entities, cystic lesion formation is observed with retention liquid and reactive abdominal fluid. 3) In some cases of hematoma such as cases of hemorrhage as a result of ovarian cyst formation, conservative treatment is possible depending on the amount of bleeding. On the other hand, the emergency surgical intervention of drainage and administration of antibiotics are necessary in cases with abscess formation, as early and accurate diagnosis of acute abdomen with an ovarian cyst is important for the proper management of acute disease and the prevention of sequelae. 4) Therefore, it can be helpful for surgeons to know preoperatively whether an ovarian cyst is formed from hematoma or abscess. However, it is sometimes difficult to make an accurate diagnosis using imaging such as ultrasonography or computed tomography (CT). CT is frequently performed as the initial imaging modality in the evaluation of acute lower abdominal pain of unknown etiology. The American College of Radiology has recommended different imaging studies for assessing acute abdomen based on pain location. Ultrasonography is recommended for the assessment of right upper quadrant pain, whereas CT is recommended for right and left lower quadrant pain.
5-7)
Prompt differential diagnosis is frequently needed in such patients in an emergency room without interpretation by a medical radiologist. Objective diagnostic methods using an image browsing system at the patient's bedside will provide significant information concerning the management of women with acute abdomen. Instead of film CT images on the screen of the image viewing system, information is now available to physicians on an electronic medical record system. 8, 9) In addition, it is possible to evaluate CT attenuation of an individual point on the image browsing system, and further substantial information can be obtained at the bedside. Although descriptive CT attenuation of abscess and hematoma has been documented in text or review articles, [10] [11] [12] [13] [14] there are no studies on the diagnostic performance of CT for distinguishing pelvic cystic lesions caused by hemorrhage from inflammatory abscess in an actual clinical setting. Hence, to determine the efficacy of CT attenuation for distinguishing abscess from hematoma, we attempted to compare CT attenuation of the collected fluid in women with acute abdomen on an image browsing system. Such a study would ensure that detailed information of CT attenuation is available to physicians in any emergency.
MATERIALS AND METHOS

Study population
This is a retrospective single-institution study that was reviewed and approved by the Institutional Review Board of the Saitama Medical University, and the need for informed consent was waived. From January 2007 to December 2013, the medical records of menstruate women in reproductive age with acute lower abdomen pain who had undergone laparotomy or laparoscopic surgery and contemporaneous preoperative pelvic CT in our hospital were reviewed to identify those with hematoma or abscess cyst formation in the pelvis. Final diagnosis of these cases had been confirmed via intraoperative findings and pathological diagnosis. Patient age, body mass index (BMI), preoperative white blood cell count (WBC), C-reactive protein (CRP) level, hemoglobin level, and CT attenuation of preoperative plain CT were examined.
CT techniques and image analysis
CT examinations were performed using either Siemens SOMATOM Definition Flash or Siemens SOMATOM Emotion16 (Siemens Medical Solutions, Erlangen, Germany) without contrast agent. The imaging routine for Siemens SOMATOM Definition Flash was as follows: 120 kilovolt (kV); 185 milliampere-second (mAs); detector configuration, 128 × 0.6-mm; pitch, 0.6; rotation time, 0.5 seconds. Siemens SOMATOM Emotion16 was adjusted as follows: 130 kilovolt (kV); 150 milliampere-second (mAs); detector configuration, 16 × 1.5-mm; pitch, 1.0; rotation time, 0.6 seconds. All CT images were retrospectively reviewed independently by two gynecologists.
These gynecologists were aware that the purpose of the study was to evaluate imaging findings of ovarian hematoma or abscess in patients with lower abdominal pain. However, they were blinded to all clinical data. One gynecologist (K.S.) was a board-certified gynecologist with 9 years of experience. The other was a third-year gynecology resident (E.H.). All CT images were reviewed on a picture archiving and communication system (PACS; Enterprise-PACS, FUJIFILM Medical Co., Ltd. Tokyo Japan). The CT attenuation values were collected from three round regions of interest (ROI) in the center of cystic lesions, excluding the septum and cyst walls, and the average CT attenuation value were calculated.
15)
Statistical analysis
Data are expressed as mean ± standard deviation (SD). Parametric variables were analyzed using the Wilcoxon rank sum test. Statistical analyses were performed using SPSS 15.0 (SPSS, Chicago, IL, USA). P < 0.05 was considered significant.
RESULTS
We operated 393 cases during the investigative period for suspecting gynecologic causes of acute abdomen. Among them, we were able to identify nineteen patients as ovarian abscess (abscess group) and six patients as hematoma (hematoma group) in the pelvis whose abdominopelvic CT results were also available for review. Patients' age, BMI, preoperative WBC, and hemoglobin levels are shown in Table 1 . There were no differences between the two groups in mean preoperative WBC or hemoglobin levels. The mean age of the abscess group was significantly higher than that of the hematoma group. Although the mean preoperative CRP level was significantly higher in the abscess group than in the hematoma group, there were three cases without CRP level elevation in the abscess group (Figure 1) . The interval between the CT imaging and the surgery for abscess group and hematoma group ranged from 1 to 7 days (mean, 3 days) and from 1 to 2 days (mean, 1 day), respectively.
On the other hand, CT attenuation that was measured by both the gynecologists could be used to clearly distinguish inflammatory disease with abscess formation (Figure 2A ) from hemorrhagic disease with hematoma ( Figure 2B ). All cases of CT attenuation in the abscess group were below 40 HU (Hounsfield Number), and those in hematoma were higher than 60 HU ( Figure 3A, B) . 
DISCUSSION
The present study demonstrated that CT attenuation of cystic lesions could be used to clearly differentiate hematoma from abscess without interpretation by a medical radiologist. Although the mean preoperative CRP level of the abscess group was significantly higher than that of the hematoma group, there were some cases in which the CRP level of the abscess group overlapped with that of the hematoma group. Therefore, it is not possible to entirely differentiate hematoma from abscess using the preoperative CRP level. Descriptive CT attenuation of abscess and hematoma has previously been documented in text or review articles. [10] [11] [12] [13] [14] However, there are no studies on the diagnostic performance of CT for distinguishing cystic lesions in the pelvis caused by bleeding from inflammatory abscess. To the best of our knowledge, this is the first report to demonstrate that CT attenuation using PACS on the electronic medical record system in an emergency room may significantly contribute to making differential diagnosis of intrapelvic abscess or hematoma in women with acute lower abdominal pain.
The CT attenuation value of intraperitoneal effusions has been reported to be 0-30 HU for ascites, over 30 HU for blood, and 50-60 HU or above for coagula. CT attenuation of hematoma varies in level as well as with lapse of the time phase.
16) It has been reported that there is usually a mixed solid cystic mass with a high-attenuation component (45-100 HU) 12, 14) in ovarian hematoma. In the present study, CT attenuation of all hematoma cases was higher than 60 HU. This result is consistent with these previous observations. 12, 14) On the other hand, CT attenuation of abscesses has been demonstrated as being near to water attenuation. 17, 18) In our study, CT attenuation of all abscess cases was lower than 36 HU. Our series consisted of patients with a relatively short space of time after onset. Therefore, 50 HU set as the boundary line between inflammatory abscess and hematoma may be reasonable to distinguish the early phase of abscess and hematoma.
Magnetic resonance imaging (MRI) is well suited and has obvious advantages over CT. MRI is recognized as a more sensitive tool for discriminating abscess from hematoma, and can eliminate unnecessarily exposure to radiation. However, MRI is not always operable for 24-hour in the majority of clinical settings contrary to CT. As the use of electronic medical records is widespread, PACS is also available to many physicians in Japan. CT images can now be viewed online on the computer screen rather than using the physical film. Therefore, it is generally possible to perform emergency CT as a result of 24-hour accessibility, but prompt interpretation by a radiologist is not always possible. Generally, in Japan, physicians in an emergency room and gynecologists interpret CT images by themselves and diagnose emergency patients with acute abdomen. To establish an objective evaluation of CT images to assist in making differentiated diagnosis may significantly contribute to gynecologic emergencies under such medical circumstances. Therefore, our results provide an index of CT images to distinguish hematoma from abscess; such images may be of great benefit to gynecologic emergencies. In present study, the mean age of the abscess group was significantly higher than that of the hematoma group. A likely cause of this difference is that abscess group included some relatively elderly women with long time usage of intrauterine device or postoperational infection after endometrial sampling.
Our study had a number of limitations. First, it was retrospective study with a relatively small number of cases. Second, we retrospectively included cases in this study according to pathological findings and excluded some cases that had undergone conservative treatment, especially hematoma cases, from this study. As we could not eliminate inclusion bias completely in this retrospective study, a treatment protocol along with these results will prospectively clarify the efficacy of the classification of CT attenuation. Third, the interval between the CT and surgery of abscess group ranged widely (from 1 to 7 days). However, CT attenuation can clearly distinguish hematoma from abscess in women at any time point in present study.
In conclusion, using PACS on the electronic medical record system, physicians in an emergency room and gynecologists can distinguish hematoma from abscess in women with acute abdomen, which may significantly contribute to making differential diagnosis.
